he american college of obstetricians and Gynecologists recommends that "when feasible, obstetrical practitioners should delay the administration of epidural anesthesia in nulliparous women until the cervical dilatation reaches at least 4.0 to 5.0 cm and that other forms of analgesia should be used until that time." 1 This recommendation is based on studies that found an association between the initiation of epidural analgesia early in labor and an increased rate of cesarean delivery. 2, 3 The nature of this association is uncertain. Neuraxial analgesia may directly or indirectly influence the progress of labor. Alternatively, the request for analgesia early in labor may be a marker for some other risk factor for cesarean delivery, such as dysfunctional labor.
On the basis of this recommendation, women who request analgesia early in labor frequently receive systemic opioid analgesia. However, the analgesia is often incomplete, and it has potential side effects for both the mother and the fetus, including maternal and neonatal respiratory depression, especially when neuraxial opioids are administered concomitantly. 4 We hypothesized that initiating and maintaining neuraxial analgesia early in labor with intrathecal opioid as part of a low-dose local anesthetic technique would not increase the risk of cesarean delivery when compared with systemic opioid analgesia. We designed this trial to compare the rate of cesarean delivery in nulliparous women in spontaneous labor or with spontaneous rupture of the membranes who requested analgesia early in labor and were randomly assigned to receive intrathecal or systemic opioid analgesia.
The study was approved by the Northwestern University institutional review board. All healthy nulliparous women with term, singleton pregnancies who presented in spontaneous labor or with spontaneous rupture of the membranes at Prentice Women's Hospital in Chicago between November 2000 and December 2003 and who desired neuraxial analgesia were eligible to participate. Exclusion criteria were a nonvertex presentation, scheduled induction of labor, any contraindication to opioid analgesia, and cervical dilatation of 4.0 cm or greater. The subjects were asked to participate soon after admission and gave written informed consent before any request for analgesia.
When subjects requested analgesia, the cervix was examined. If the cervix was dilated less than 4.0 cm, the subjects were randomly assigned in a t methods
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The subjects received a 500-to-1000-ml fluid bolus with lactated Ringer's solution immediately before the initiation of neuraxial analgesia. The 3-ml epidural test dose consisted of lidocaine (15 mg per milliliter) with epinephrine (5 µg per milliliter). Standard care consisted of patient-controlled epidural analgesia with bupivacaine (0.625 mg per milliliter) and fentanyl (2 µg per milliliter), with the following features: a basal infusion rate of 15 ml per hour, a 5-ml patient-controlled bolus, a 10-minute lockout period, and a maximal volume of 30 ml per hour. Breakthrough pain was managed with manual epidural boluses consisting of 10 to 15 ml of bupivacaine (1.25 mg per milliliter) or lidocaine (10 mg per milliliter) given by an anesthesiologist, with the epidural infusion rate increased to 20 ml per hour or the epidural-infusion concentration of bupivacaine increased to 1.1 mg per milliliter, or both. Thirteen subjects in the systemic-analgesia group were excluded from the analysis, for the following reasons: cervical diameter greater than 4.0 cm (2 subjects), induction of labor (5), twin gestation (1), breech position (1), diabetes mellitus (1), pregnancy-induced hypertension (1), incorrect study-envelope label (1), and second envelope opened (1) . Nine subjects in the intrathecal-analgesia group were excluded from the analysis, for the following reasons: cervical diameter greater than 4.0 cm (2 subjects), induction of labor (6) , and lost data (1) . Nine subjects in the systemic-analgesia group did not receive their assigned treatment, for the following reasons: refusal of the study drug (8) and nonreassuring fetal status leading to emergency cesarean delivery before the study drug was administered (1) . Six subjects in the intrathecal-analgesia group did not receive their assigned treatment, for the following reasons: refusal of the study drug (4) and use of epidural analgesia because of an inability to initiate combined spinal-epidural analgesia (2) . Of the recipients of systemic analgesia whose cervical examination at the second request for analgesia revealed a diameter of less than 4.0 cm, protocol violations occurred in 11, who refused the study drug and received epidural analgesia. In 11 of the remaining subjects in this group, whose cervical dilatation was 4.0 cm or greater at the first request for analgesia, the following protocol violations occurred: no cervical examination was performed at this time and then hydromorphone was given (1); the cervical diameter was 4.0 cm or greater and then hydromorphone was given (2); or neuraxial analgesia was initiated as combined spinal-epidural analgesia (8) . Of the recipients of intrathecal analgesia, protocol violations occurred in 4 at the time of the second request for analgesia: hydromorphone had been given before randomization (1), and no cervical examination was performed at the second request for analgesia and 0.625 mg per milliliter bupivacaine was given as an epidural bolus (3). single block by means of a computer-generated, random-number list to either intrathecal or systemic analgesia. Group assignments were sealed in sequentially numbered, opaque envelopes that were opened only after cervical dilatation was determined to be less than 4.0 cm. Patients and care providers were not blinded to the group assignment.
analgesic interventions and management
Analgesia was initiated in the intrathecal group by a combined spinal-epidural technique. Intrathecal fentanyl (25 µg) was injected, an epidural catheter placed, and an epidural test dose administered. At the second request for analgesia, the cervix was again examined. Epidural analgesia was then initiated as follows: if the cervix was less than 4.0 cm in diameter, a 15-ml epidural bolus of bupivacaine (0.625 mg per milliliter) with fentanyl (2 µg per milliliter) was given, and if the cervix was 4.0 cm or greater in diameter, a 15-ml epidural bolus of bupivacaine (1.25 mg per milliliter) was given ( Fig. 1) . In both instances, patient-controlled epidural analgesia was then begun.
Analgesia was initiated in the systemic-analgesia group with hydromorphone given intramuscularly (1 mg) and intravenously (1 mg). If the cervix was less than 4.0 cm in diameter at the second request for analgesia, these doses of hydromorphone were given again. If the cervix was 4.0 cm or greater, epidural analgesia was initiated. Epidural analgesia was given at the third analgesia request, regardless of cervical dilatation.
If no cervical examination was performed at the second request for analgesia, the cervix was assumed to be at least 4.0 cm dilated. Thereafter, patient-controlled epidural analgesia was maintained in both groups until delivery (Fig. 1 ).
Subjects were asked by study personnel to rate their pain according to an 11-point verbal rating score for pain (in which 0 represented no pain and 10 the worst pain imaginable) at the first and second requests for analgesia. At the second request, subjects were asked to rate their "average contraction pain" since the beginning of the analgesic intervention, as well as to rate their nausea (as none, mild, moderate, or severe) and to report any vomiting.
obstetrical management
Decisions regarding obstetrical management were made by the obstetricians and midwives. Most of the subjects had continuous external electronic fetal heart-rate monitoring and tocodynamometry. Internal fetal-scalp electrodes were placed when the external tracing was not interpretable. Intrauterine pressure catheters were used when necessary to document the intensity of contractions. Nurses titrated oxytocin infusions according to guidelines set by the obstetrical management team. The decision to proceed to operative delivery was made by the obstetrical team according to maternal or fetal indications. Apgar scores were assigned by personnel responsible for neonatal assessment. Umbilical-cord blood gases were measured at the discretion of the obstetrical team.
other data
The following data about the subjects were collected: age, race (as declared by the patient), type of insurance, gestational age, weight, height, time of membrane rupture, maximal dose of oxytocin, time of complete cervical dilatation (10.0 cm), time of delivery, method of delivery (cesarean, instrumental, or spontaneous vaginal), primary indication for cesarean delivery, if applicable, and maximal maternal body temperature during labor. Fetal heart-rate tracings beginning 30 minutes before the first analgesic intervention until 30 minutes afterward were assessed by a perinatologist; patient identification was removed from the tracings, and they were not accompanied by treatment information.
outcomes
The primary outcome was the method of delivery. Prespecified secondary outcomes were the indication for cesarean delivery, the method of vaginal delivery, the quality of analgesia, the use or nonuse of oxytocin, the duration of labor, the incidence of nonreassuring fetal status (i.e., fetal heart-rate patterns that do not reassure the clinician with regard to the status of the fetus), and the neonatal outcome.
statistical analysis
The study was designed to have 80 percent power to detect a difference of 50 percent in the rate of cesarean delivery, with a two-sided alpha level of 0.05. The sample size required to detect this difference was 350 subjects per group. The baseline cesarean rate (17 percent) was estimated from institutional data. The 50 percent increase in the cesarean-delivery rate was a conservative estimate based on the increased rate associated with early neuraxial analgesia observed previously in our institution. 5 To account for expected losses in participation, 750 sub-jects underwent randomization. A planned interim analysis after the enrollment of 225 subjects found no difference in the cesarean-delivery rate between the groups, and so the planned study recruitment was completed. 6 Categorical data were analyzed with use of a chisquare test. Student's t-test and the Mann-Whitney U test were used to analyze interval and ordinal data. Binary logistic-regression analysis of the primary outcome was performed to identify characteristics of the subjects that were associated with cesarean delivery. The intervals from the first request for analgesia until delivery were analyzed by the KaplanMeier method and the log-rank test. To assess the interaction between baseline characteristics and assigned analgesia with respect to the duration of labor, a Cox regression analysis was performed. Data were analyzed according to the intention to treat. All reported P values are two-sided. A P value of less than 0.05 was required to reject the null hypothesis.
Eight hundred eighty-four women consented to participate (Fig. 1) . One hundred thirty-four women were excluded because their cervical dilatation was 4.0 cm or greater at the first request for analgesia. Twenty-two subjects were excluded after randomization because they did not meet the inclusion criteria. The remaining 728 subjects were included in the analysis.
One hundred one obstetrical providers attended the subjects' deliveries. The median number of deliveries per provider was 7 (range, 1 to 33). The groups were similar at baseline, except that the systemic-analgesia group had a greater percentage of subjects with cervical dilatation that was less than or equal to 1.5 cm at the first request for analgesia (although the median cervical dilatation in each group was 2.0 cm, and fetal station was not significantly different between the groups); the systemicanalgesia group also had a higher incidence of spontaneous rupture of the membranes more than 12 hours before oxytocin administration ( Table 1 ). The median cervical dilatation at the initiation of neuraxial analgesia was lower in the intrathecal-analgesia group than in the systemic-analgesia group.
labor and delivery outcomes
The rate of cesarean delivery was not significantly different between the groups (difference in the rate after intrathecal analgesia as compared with systemic analgesia, ¡2.9 percentage points; 95 percent confidence interval, ¡9.0 to 3.0; P=0.31) ( Table 2 ). There was also no significant difference in the rate of instrumental vaginal delivery between the groups (difference, 3.6 percentage points; 95 percent conresults * Plus-minus values are means ±SD. † Race was self-described by the subjects. ‡ The fetal station is the distance, in centimeters, of the presenting part of the fetus from the ischial spines (where minus signs denote a location above the spines and plus signs a location below the spines). § The verbal rating score for pain is an 11-point scale in which 0 represents no pain and 10 the worst pain imaginable. fidence interval ¡2.9 to 10.1; P=0.13). There were no significant differences in the indications for cesarean delivery or in the percentages of subjects who received oxytocin; however, the maximal rate of oxytocin infusion was higher in the systemic-analgesia group. The cesarean-delivery rate was not significantly different between privately insured and publicly insured subjects (P=0.90), nor was it significantly different among different obstetrical providers (P=0.33). Interquartile range
The median times from the initial analgesic intervention to complete dilatation and to vaginal delivery were significantly shorter after intrathecal analgesia than after systemic analgesia (Fig. 2) . The use of intrathecal rather than systemic analgesia predicted a shorter interval to complete cervical dilatation, even after adjustment for cervical dilatation and fetal station at the time the analgesic intervention was begun and for other potential confounders (data not shown). There were no significant differences between the groups in the duration of the second stage of labor or in the time to delivery in subjects who delivered by cesarean section.
other outcomes
The average pain score between the first and second requests for analgesia was significantly lower in the intrathecal-analgesia group than in the systemicanalgesia group, but the interval between the first and second requests was longer in the systemicanalgesia group (Table 2 ). The incidence of nausea and vomiting and the severity of nausea were lower in the intrathecal-analgesia group. There was no significant difference in the maximal temperature during labor. However, the duration of neuraxial analgesia was longer in the intrathecal-analgesia group.
The incidence of fetal heart-rate tracings that would lead to an obstetrical intervention if observed in real time by the perinatologist (referred to here as nonreassuring tracings) was not significantly different between the groups either before or after the initiation of analgesia (Table 3 ). There was a higher incidence of prolonged and late decelerations in heart rate in the intrathecal group after the initiation of analgesia. One subject in the systemic-analgesia group had a cesarean delivery because of prolonged deceleration of the fetal heart rate after randomization, but before she had received analgesia. Neonatal outcomes were not significantly different between the groups, except that there was a greater incidence of one-minute Apgar scores below 7 in the systemic-analgesia group (Table 2) .
Baseline variables significantly associated with cesarean delivery in the multivariate analysis included age (relative risk for each one-year increase, 1.02; 95 percent confidence interval, 1.00 to 1.03), height (relative risk for each 1-cm increase, 1.05; 95 per-* Plus-minus values are means ±SD.
† P values were calculated by the chi-square or Mann-Whitney U test. ‡ The differences are the differences in the rates, medians, or means between the groups; minus signs indicate that the value was smaller in the intrathecal-analgesia group than in the systemic-analgesia group. § The verbal rating score for pain is an 11-point scale in which 0 represents no pain and 10 the worst pain imaginable. ¶ The denominators are less than the total number of randomly assigned subjects because some subjects delivered before the second request for analgesia or were not examined at the time of the second request for analgesia. In this randomized trial, intrathecal opioid analgesia, as compared with systemic opioid analgesia, in early labor did not increase the rate of cesarean delivery. These results extend those reported by Chestnut et al., who found no difference in the cesareandelivery rate between nulliparous women randomly assigned to early epidural analgesia (at a cervical dilatation of greater than 3.0 cm but less than 5.0 cm) or late epidural analgesia (at a cervical dilatation of 5.0 cm or greater after systemic opioid administration). 7, 8 In these studies, the median cervical dilatation in the early groups was 3.5 and 4.0 cm, as compared with 2.0 cm in the current study. Similarly, in a study of 60 nulliparous women, no difference in the cesarean-delivery rate was found be- Arrows indicate median values. Panel A shows the time to delivery among subjects who delivered vaginally. The difference in the median time to delivery between the intrathecal-analgesia group and the systemic-analgesia group was ¡81 minutes (95 percent confidence interval for the difference, ¡123 to ¡28 minutes; P<0.001). Panel B shows the duration of the first stage of labor among subjects who delivered vaginally. The difference in the median time between the intrathecal-analgesia group and the systemic-analgesia group was ¡90 minutes (95 percent confidence interval for the difference, ¡123 to ¡35 minutes; P<0.001). In Panels A and B, time 0 is the time of the initiation of analgesia. Panel C shows the duration of the second stage of labor (complete cervical dilatation to delivery) among subjects who delivered vaginally. The difference in the median time between the intrathecal-analgesia group and the systemic-analgesia group was ¡11 minutes (95 percent confidence interval for the difference, ¡21 to 6 minutes; P=0.67). Panel D shows the time to delivery among subjects who delivered by cesarean section. The difference in the median time between the intrathecal-analgesia group and the systemic-analgesia group was ¡71 minutes (95 percent confidence interval for the difference, ¡176 to 46 minutes; P=0.23). tween those who received epidural analgesia early and those who received it late (mean cervical dilatation, 2.3 cm and 4.5 cm, respectively). 9 The absence of an association between neuraxial analgesia given early in labor and an increased cesarean-delivery rate suggests that an early request for analgesia, or increased use of analgesics early in labor, may be markers for other risk factors for cesarean delivery. 10, 11 Presumably, women who have more pain and require more analgesia are at increased risk for cesarean delivery. For example, fetal macrosomia, a risk factor for cesarean delivery, was associated with a greater rate of breakthrough pain during epidural analgesia. 12 The requirements for epidural local anesthetics were higher among women who underwent cesarean delivery for dystocia than in women who delivered vaginally. 13 A clinically important finding of the current study is that the duration of the first stage of labor was approximately 90 minutes shorter after intrathecal opioid administration than after systemic opioid administration. Previous studies have found that epidural, as compared with systemic opioid, analgesia is associated with a prolonged first stage of labor. 2, 14 Factors that influence the progress of labor are not well understood. Autonomic imbalance has been proposed as an explanation of the association between epidural analgesia and pro-* The fetal heart-rate tracings from eight subjects could not be located. Fetal heart-rate tracings were assessed as follows:
Percentage of Subjects
Variability was graded as absent (≤2 beats per minute), decreased (3 to 5 beats per minute), normal (6 to 25 beats per minute), or increased (>25 beats per minute). The presence of prolonged decelerations (<100 beats per minute for >60 seconds) was noted. Variable decelerations were graded as none, mild (<30 seconds irrespective of rate or >80 beats per minute irrespective of duration), moderate (<70 beats per minute between 30 and 60 seconds or 70 to 80 beats per minute for >60 seconds), or severe (<70 beats per minute for >60 seconds). Late decelerations were determined to be present or absent. The tracings before and after analgesia were assessed as reassuring or nonreassuring (i.e., as patterns that would lead to an obstetrical intervention if observed in real time by the perinatologist). Decreases in variability, a worsening of persistent variable decelerations, and the appearance of late decelerations after analgesia in a case in which none were present before analgesia were considered negative changes. Contraction frequency (>10 per 20 minutes) and duration (>70 seconds) were also recorded. A nonreassuring change was a change to a less reassuring pattern after the initiation of analgesia. This difference may explain why cervical dilation was faster in women who were randomly assigned to combined spinal-epidural analgesia as compared with those assigned to epidural analgesia. 16 Furthermore, the presence or degree of autonomic imbalance may be influenced by the type of epidural analgesia (for example, the concentration of local anesthetics). In the current study, epidural analgesia was not identical among all the subjects, and this discrepancy may have been a factor in the observed difference in the progress of labor. Analgesia may have indirect effects on the progress of labor. Intrathecal fentanyl decreased the maternal concentration of circulating epinephrine, 17 but systemic meperidine did not. 18 It is possible that the decrease in circulating epinephrine levels associated with intrathecal analgesia decreases epinephrine-induced tocolysis, resulting in faster labor. An alternative explanation is that systemic opioid analgesia negatively influences the progress of labor. Opioids decreased uterine activity both in humans in active labor 19 and in pregnant baboons. 20 The prolonged infusion of an epidural anesthetic may result in motor blockade and may increase the risk of instrumental vaginal delivery. 21 In the current study, the rate of instrumental vaginal delivery was not significantly different between the groups, although the subjects in the intrathecal group received neuraxial analgesia for a longer period. Neuraxial analgesia initiated with an opioid and maintained with low-dose epidural bupivacaine is unlikely to result in motor blockade.
A positive association between epidural analgesia and the use of oxytocin to augment labor has been reported. 2, 22 We did not find a difference between the groups in the rate of oxytocin use, but most of the subjects received oxytocin before their first request for analgesia -a finding consistent with our pattern of institutional practice. Women who received systemic opioids early in labor required a higher oxytocin-infusion rate than those who received intrathecal opioids, perhaps because of slower labor progress.
The authors of a meta-analysis comparing intrathecal with nonintrathecal techniques for administering opioid neuraxial analgesia concluded that intrathecal opioid analgesia was associated with fetal bradycardia. 23 In the current study, prolonged, persistent variable, and late fetal heart-rate decelerations developed within 30 minutes after the first analgesic intervention more often in the intrathecal-analgesia group than in the systemic-analgesia group. However, the incidence of an unfavorable fetal heart rate was low, did not differ between groups, and did not result in any adverse neonatal outcomes or in the need for emergency cesarean delivery.
In a previous study, neonates delivered by women randomly assigned to receive systemic opioid analgesia had lower one-minute Apgar scores than neonates whose mothers received epidural analgesia. 24 Although both groups in the current study received epidural analgesia, neonates in the systemicanalgesia group were more likely than those in the intrathecal-analgesia group to have low one-minute Apgar scores, even though the opioid was administered early in labor, usually hours before delivery.
Epidural analgesia lasting more than five hours in women in labor is associated with elevated maternal temperature. 25, 26 Although women randomly assigned to early intrathecal analgesia had neuraxial analgesia for a longer duration than those assigned to systemic analgesia, the maximal temperature during labor was not significantly different between the groups.
There are several limitations to our study. The study was not powered to detect a small difference between the groups in the rate of cesarean delivery. However, the 95 percent confidence interval for the difference between the groups suggests that plausible differences between the groups would not exceed 9 percentage points if the rate in the intrathecal group were lower or 3 percentage points if the rate in the intrathecal group were higher. We studied nulliparous women in spontaneous labor or with spontaneous rupture of the membranes, and our results may not apply to other populations. In addition, the faster progress of labor after intrathecal analgesia, as compared with systemic analgesia, may have been influenced by the greater cervical dilatation at the initiation of analgesia. Multivariate modeling, however, indicated that the type of analgesia was an independent predictor of the progress of labor.
Different obstetrical providers and management styles (including the pattern of oxytocin use) may influence the outcome of labor, and we did not adjust for these factors. Finally, the study was not blinded. It is unlikely, however, that knowledge of the type of analgesia biased obstetricians' decisions regarding the method of delivery. Cesarean deliveries were performed only when there was arrest of dilatation or arrest of descent or when the fetal status was nonreassuring, and none of these factors were associated with the type of analgesia.
Techniques for administering neuraxial analgesia during labor vary, and various techniques may affect the outcome of labor differently. For example, epidural analgesia consisting of bupivacaine at a dose of 2.5 mg per milliliter resulted in a higher rate of instrumental vaginal delivery than bupivacaine at a dose of 0.625 mg per milliliter with fentanyl. 21 The results obtained with these analgesia regimens may not be applicable to other regimens. Similarly, opioids have been observed in vitro to have different effects on uterine contractile activity. 27, 28 It is not clear whether these differences exist in vivo as well.
In summary, the results of this randomized trial suggest that nulliparous women in spontaneous labor or with spontaneous rupture of membranes who request pain relief early in labor can receive neuraxial analgesia at that time without adverse consequences. When compared with systemic opioid analgesia, initiation of early neuraxial analgesia does not increase the risk of cesarean delivery and may shorten labor.
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